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Abstract 
Presses having high performance are required to manufacture forming parts with high added value using more advanced 
technique. A 4-axes direct drive servo press was developed to attain this purpose. The press has conquered the press forming 
problems such as how to get a bottom dead center with high accuracy and how to keep parallelism of slides under eccentric 
force. The developed press has 4 linear scales at each corner of the slide, and these linear scales monitor each slide position. 
When the slide is tilted by the eccentric force, accurate parallelism is attained with the feedback control. The press has made it 
possible to visualize the dynamic movement of press machine such as keeping the slide parallel with the feedback control. This 
visualization has made it possible to know mechanism of press forming being worked, and is useful to solve many problems of 
the press forming. 
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1. Introduction 
The purpose of the present study is to decrease the influence of the eccentric load on press forming. The 
inclination of the slide of a conventional press due to an eccentric load is about 0.3 mm/m and it desirable to 
prevent the inclination for high accuracy. Press forming operations always generate eccentric load and of course 
the dimensional accuracy of products deteriorates. An effective method for avoiding the eccentric load has been 
developed [1]. Many methods have been developed to reduce the effect of an eccentric load and they have been 
successful to a certain extent, but all of them have limitations. The inclination of the slide has been an obstacle to 
metal forming with high accuracy and also prevent abrasions and damage of the punch and die.  
Mechanical AC servo presses having flexible ram motion have been recently developed by huge increase in 
power of controllable AC servo motors [2].  
2. Nonsimultaneous forming using servo press  
Fig. 1 shows a difference between a conventional press without control and a servo press with control in 
simultaneous punching. The sizes of punches in progressive dies are different, and thus the punching loads are 
different. During punching using the conventional press without control, the press is inclined by the eccentric load, 
i.e. load difference. On the other hand, during punching with the servo press with control, the press compensates 
the inclination using the feedback control. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Simultaneous punching using (a) conventional press without control and (b) servo press with control. 
 
Fig. 2 shows a structure of the servo press having 4 servo motors and 4 ball screws at each corner of the slide. 
Each servo motor drives each ball screw. There are 4 linear scales which monitor the position of the each corner of 
the slide. The slide position data are sent to the microprocessor of the servo motor for feedback control from the 
liner scales, and each motor drives each ball screw independently to keep the slide parallel as shown in Fig. 3. 
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Fig. 2.  (a) Front view and (b) top view of servo press with 4-axes control.  
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Fig. 3.  Difference between press with and without control in slide parallelism. 
 
This 4-axes servo press can press with nonsimultaneous punching method as shown in Fig. 4.  Fig. 4 shows that 
the press has different length of punches. This makes it possible to divide the total force in 1 stroke press and this 
makes it possible to get a press smaller than the simultaneous punching press. 
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.  Nonsimultaneous punching for reduction in force using servo press with 4-axes control.  
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By making the use of the nonsimultaneous punching as shown in Fig. 4, a sprocket shown in Fig. 5 is produced 
with smaller press than the one in the conventional method. This sprocket is produced with different length 
punches in progressive dies. In the progressive dies, there are 3 steps punching at 1 stroke as shown Fig. 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
㻌㻌㻌㻌㻌㻌㻌Fig. 5. Outline of progressive dies in producing sprocket by nonsimultaneous forming.   㻌
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
Fig. 6.  3 stages in progressive dies.  
3. Forming results 
Fig. 7 shows the the sprocket produced by the nonsimultaneous forming. 
Fig. 8(a) shows the relation between the slide position in 1 Stroke and the Change in motor torque. There are 4 
lines in this Fig. 8(a) and these lines show each servo motor torque. And there are 3 torque peeks at 1 stroke and 
the torque peek shows that punching is being carried out.  
If press forming is carried out with no inclination of the slide at all, each 4 motor torques are same all the time, 
therefore different motor torques means that the inclination is generating while punching, and that each motor 
torque is controlled to compensate the inclination of the slide as shown in Fig. 8(b). 
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Fig. 7  Sprocket produced by nonsimultaneous forming. 
(a)                                                                                           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        
Fig. 8. (a)  Variation of torque of servo motors and (b) compensating inclination of slide. 
In order to decrease the inclination of the slide, this press forming was carried out in different punch layout as 
shown in Fig. 9. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. Punch layout pattern. 
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Fig. 10 shows the relation between the punch layout pattern and torque peak difference. As the torque peak 
difference decreases, the inclination of the slide during punching decreases.   
 
 
 
 
 
 
 
 
 
 
 
  
 
     
Fig. 10. Relation between change in peak torque difference and punch layout pattern.  
 
 
Fig. 11 shows the maximum inclination at each punch layout pattern. It is confirmed that the maximum 
inclination depends on the punch layout pattern. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11. maximum inclination at each punch layout pattern. 
4. Conclusions 
(1) Using 4-axes direct drive digital servo press and pressing with less inclination of the slide than conventional 
press has made it possible to produce with nonsimultaneous punching, and as a result, this has made it possible 
to press the parts by smaller press than conventional one. 
(2) Getting the data of the motor torque has made it possible to confirm how the motors torques are controlled and 
how the slide is kept parallelism all the time, and this helps improving punch and die layout pattern and 
decreasing the inclination of the slide and preventing from bad effect on the punches and dies . 
References 
[1] Hasegawa, K., Endou, J., Inada, A., Kawachi, N., 2010. Effect of control of press with eccentric force. Steel Research International 81 (9), 
(Special Edition: 13th Metal Forming), 690-693. 
[2] Osakada, K., Mori, K., Altan, T., Groche, P., 2011. Mechanical servo press technology for metal forming, CIRP Annals – Manufacturing 
Technology, 60 (2), 651-672. 
